· 1. Introduction
The oscillator strength distribution of most molecules reaches a maximum in the vacuum ultraviolet (VUV)l, and dissociative ionization is the principle decay mechanism following excitation of molecules in the VUV. Dissociative ionization is thus one of the most important photochemical processes. Dissociative ionization processes can illuminate features of ion-molecule reactions just as neutral photodissociation has been used to characterize some reactions in so-called "half-collision" experiments. Sophisticated approaches have been employed in recent years using coincidence methods 2 • 3 , for example, to study dissociative ionization from energy selected ions. In general, these methods rely on analysis of the ion time-of-flight peak shape to characterize the kinetic energy released as well as the angular distributions for the process. These approaches achieve a precise definition of the initial state of the ion, but generally do not yield the full kinetic energy or angular distributions for the proc;ess of interest. We have recently adapted the ion imaging technique4 for use on the Chemical Dynamics Bearnline, an undulator bearnline at the Advanced Light SourceS.
Ion imaging is a method that has recently seen wide application in neutral photochemistry, crossed-beam collision dynamics and reactive scattering6. The technique has the advantage that complete energy and angular distributions are recorded simultaneously, and the data analysis may be accomplished by direct inversion of the raw dat£!. A closely related technique has been used by Eland and coworkers in a coincidence mode to look at three-body fragmentation processes in double ionization7,8. In this first application of the ion imaging technique in conjunction with synchrotron radiation, the 'white beam' from the undulator is used with its inherent 2% bandwidth.
Studies of SF6 dissociative ionization include early photoionization mass spectrometry measurements of partial ionization cross sections using both a helium continuum source9 and synchrotron radiationlO as well as electric dipole (e,e+ion) spectroscopyll. In addition, an early photoelectron-photoion coincidence (PEPICO) study reported kinetic energy release for SF6 --through the X and A states 1 2. More recent studies have included negative ion mass spectrometry13, and both low-resolution14 and high-resolution15 PEPICO studies using synchrotron radiation. In the PEPICO study of Creasey et al., detailed dynamical information was inferred from average kinetic energy release measurements for SF 5 + , SF 4 + and SF 3 + as well as onsets for the specific decay channels. Evans et al.rs, .using a supersonic molecular beam of SF 6 with a 6.65 m Eagle monochromator, measured high-resolution PEPICO TOF spectra for fragment ions from SF 6 2 dissociative ionization, with particular interest in the thermochemistry. Recently, Yencha et al.
reported a high-resolution threshold photoelectron spectroscopy study for SF 6 to 28 eV16. In this paper, we present preliminary results obtained on an imaging endstation on the Chemical Dynamics Beamline, characterizing the dissociative photoionization dynamics of SF 6 in a molecular beam, excited at energies from 15 to 28 e V.
Experimental
The experiments were performed in a new endstation recently added to the Chemical Dynamics Beamline. The apparatus is schematically illustrated in the inset to Images of SF 5 +, SF/ and SF 3 + were recorded (when observed) at various photon energies from to 16.0 to 24 eV. These are not coincidence experiments, and the dissociation processes are not presented for energy selected ions. However, to estimate contributions from particular electronic states, difference images were created during analysis. This involved collecting two images one below and one above the rise of a feature in the PlY curve and then subtracting them. 3 This approach is intended to provide an overview of the dynamics in a given region, but clearly does not yield truly energy-selected measurements. Analysis of the images was performed using the conventional inverse Abel transform to reconstruct the product-flux contour maps from the images, which are 2-dimensional projections of the 3-dimensional fragment distributions. These were then integrated radially and about the polar angle to yield the velocity and angular distributions, respectively.
J. Results

PlY Spectra
The PlY spectra for the various product ions are shown in Fig. 1 
Discussion
Previous studies of the PIY spectra for SF6 were mainly conducted up to the He(D line at ionizations respectively 1 7. These all represent removal of 2p lone pair electrons from the fluorine atoms9, so it is perhaps not so surprising that a more local view of the ionization and subsequent dissociation is appropriate. The angular distributions further show that the autoionizatl.on via the shape resonance must be very rapid. Photoelectron spectra at these photon energies would be useful to identify the SF 6 + state(s) formed in the ionization step. All of these angular distributions show that the SF 6 + dissociation is very rapid, occurring on a timescale short compared to its rotational period
The threshold for SF/ production appears near the onset of the C state of SFt at 18 eV. It has long been concluded, based on this coincidence and the absence of any apparent influence of the onset of this state on the SF 5 + yield, that the SF 4 + originates as the exclusive product the SF6 + C state dissociation9,17~ since this is nominally below the threshold for formation of SF/+ F + F, it has been argued that C state dissociation exclusively yields SF 4 + + F2. Recent calculations show that this appearance energy is actually above the threshold for SF 4 + + F + f23. In fact, the remarkable similarities in the SF4 + recoil speed distribution to that of SF 5 + at lower energy (see Fig.   5 ) suggest a picture in which the primary product is SF 5 + + F throughout this region, including the C state. This is supported by the relative insensitivity of the SF 5 + translational energy distributions 6 to the· photon energy, implying that the bulk of the excess energy remains in the SF 5 + when the photon energy is increased. If it is assumed that the initial step produces SF 5 + with an average of 0.7 eV translational energy, then secondary decomposition of the SF 5 + to SF/ + F will become dominant (replacing the SF 5 + production) at about 18.8 eV. Any residual long-lived SF 5 + in this region will be found only for the relatively small contribution from the fastest (lowest internal energy) SF 5 + product. This is precisely what is seen in the PlY curves in Fig. 1 .
The angular distributions for SF 4 + are, within experimental error, isotropic; however, this is difficult to compare directly to SF 5 + because there is so little SF 5 + production at the photon energies
where SF/ appears. The absence of anisotropy may simply reflect the difference in the orientation of the electronic transition moment with respect to the bond axis, or it may be a consequence of the lifetime of the SFs + prior to decomposition, or perhaps both. For SF 4 + at the higher photon energies -accessing the E state, however, much of the additional photon energy is coupled effectively into translational energy of the SF/ product.. At these higher energies accessing the D and E states, we may be seeing a shift to nonstatistical energy partitioning, or we may have internal conversion to the A ,B states giving a distinct translational energy distribution for the SF/ product there.
The SF 3 + begins to appear around 19 e V, consistent with previous reports. Again for the SF 3 +however, we see a velocity distribution remarkably similar, at least in the location of the peak, to the SF 5 + at energies where it is a principal product. The SF 3 + angular distributions are isotropic, and the velocity distributions change only modestly with photon energy in this region. Fig. 5 shows the SF 3 + velocity distribution compared to that of SF/ at the same energy. Again, there is an increase as the photon energy is increased, but perhaps the most striking feature of all of these distributions is their similarity. This is consistent with the picture outlined above in which the translational energy release in the primary step, yielding SF 5 + +F, is the principle feature in all of these distributions, and subsequent fluorine atoms are lost sequentially as the energy is available.
Future studies will exploit the imaging technique in conjunction with energy-selected electrons to define the initial state of the ion. 
